films needed to build up the core, and this decreases the efficiency of the transformer. Therefore, it is very important to search a bulk Fe-based glassy alloy with high saturation magnetization and high glass-forming ability. There is no doubt that the advent of bulk glassy ferromagnetic alloys would be of tremendous benefit. For the last several years, multicomponent glassy alloys in the Fe-(A1,Ga)-(P, C, B, Ge, Si) and Fe-(Nb, Mo, Zr, W)-B alloy systems which exhibit a large supercooled liquid region reaching 58 to 88 K were found and can be produced in a cylindrical form with diameters of 2 to 6 mm by copper mold casting.
However, these bulk glassy alloys have a disadvantage of relatively lower Fe concentrations less than 73at% leading to saturated magnetization values below 1.1 T. But more recently, a bulk glassy Fe75Ga5P12C4B4 alloy in the diameter of 1mm with high saturation magnetization of about 1.3 T has been synthesized. Based on this result, we examined the effect of the dissolution of ferromagnetic transition metal Co in the Fe-Ga-(P, C, B) alloy system with the aim of synthesizing a new bulk glassy alloy with high glass-forming ability, high saturation magnetization and good soft magnetic properties. This paper is intended to present a new Fe-based alloy system Fe,s-XCo.GasP12C4B4
with high saturation magnetization and good soft magnetic properties, in which bulk glassy alloys with diameters up to 2 mm are formed by copper mold casting.
The effect of
Co on the glass-forming ability and magnetic properties of the Fe75-xCoxGa5P12C4B4 glassy alloys is also discussed.
Experimental Procedure
Multicomponent Fe75-xCoxGa5P12C4B4 alloys were examined in the present study. The ingots were prepared by induction melting a mixture of pure Fe, Co and Ga metals, prealloyed Fe-C and Fe-P ingots, and pure B crystal in a purified argon atmosphere. Their compositions are nominally expressed in atomic percentage. From the master alloy ingot, a ribbon with a cross section of about 0.020 x 1.0 mm2 was prepared by melt spinning. Cylindrical rods with diameters up to 2 mm and a length of 40 mm were also made by copper mold casting in an argon atmosphere. The amorphicity of the ribbons and rods was examined by X-ray diffractometry with Cu-Ka radiation and optical microscopy (OM). The specific heat associated with glass transition, supercooled liquid region and crystallization was measured at a heating rate of 0.67 K/s with a differential scanning calorimeter (DSC). The liquidus temperatures (Ti) of alloys were measured by cooling the molten alloy samples at a cooling rate of 0.033 K/s with differential thermal analysis (DTA). Magnetic properties of saturation magnetization (Is) and coercive force (He) were measured with a vibrating sample magnetometer (VSM) and a B-H loop tracer. vibrating sample magnetometer (VSM) because the conventional I-H loop tracer could not be used for the cylindrical bulk glassy alloy. As shown in the figure, the Is 4 Summary A new glassy Feis-,CoxGa5P12C4B4 alloy system with high glassy-forming ability and good soft magnetic properties was synthesized in the wide composition range of 10, 12.5 and 15 at% Co. The large AT. of 48K and high TgfI'1 of 0.60 to 0.61 have enabled us to form bulk glassy alloy rods in the diameter of 1.5 mm by the copper mold casting method in the wide composition range. Furthermore, by using the Fe65Co10Ga5P12C4B4 alloy exhibiting the highest Tg/T1 of 0.61, the cast bulk glassy alloys with a length of 40mm were produced in the diameter range up to 2mm. These cast glassy alloys have ferromagnetism with the Curie temperature of 640K and exhibit high saturation magnetization of 1.20T. The magnetic properties are nearly the same as those for the melt-spun glassy ribbon. The combination of high glass-forming ability as well as high saturation magnetization and good soft magnetic properties for the glassy Fe75-xCoxGa5P12C4B4 (x=10, 12.5, 15) alloys is encouraging for the future uses of Fe-based bulk glassy alloys as bulk soft magnetic materials. 
